Two strains o f S h ew anella spp. w ere iso la ted from co d fillets packed in m o d ified a tm o s ph ere (60% C 0 2, 30% 0 2, 10% N2). One o f the strains w as identified as S h e w a n e lla p u tre fa c i ens. The oth er strain could not b e fully identified but w as determ in ed as a S h e w a n e lla spp. different from S. putrefacie ns. 
Introduction
Among th e b acteria responsible for th e spoil age of m arin e fish are a group of facultative anaerobic, G ram -negative, psychrotrophic rods classified as Shew anella putrefaciens (previously called Alterom onas putrefaciens, M cDonnel and Colwell 1985) . These bacteria can proliferate under chilled conditions, and by th e tim e th e food is unacceptable for h u m an consum ption they often account for m ore th a n 30% of th e to tal bacterial popu lation. C om pared to other species of th e m ar ine flora, th e generation tim e of th ese bac-*Corresponding author. te ria can become sh o rter as tem p eratu re decreases (Shewan 1977) . T he reason for these bacteria spoiling seafood seem s to be th e production of off-flavouring volatile com pounds such as am m onia, trim ethylam ine (TMA) and sulphides (Lee 1979 , Shew an and M urray 1979 , Gili 1992 . T rim ethylam ine is th e m ain component responsible for an u n p leasa n t 'fishy' odour (D ainty 1996) .
T rim ethylam ine oxide (TMAO) is a major constituent of the non-protein nitrogen frac tion in m arine teleosts w ith osm oregulatory function (Agustsson and Strom 1981 , H uss 1988 , Gili 1992 . The ability of bacteria to reduce TMAO to TMA is used as a taxonomic criterion for the non-ferm entative S. putrefa ciens (Lee et al. 1977) . TMAO is found to pro m ote m icro-aerophillic or anaerobic grow th (E aster et al. 1982) . W hen oxygen levels are depleted, TMAO serves as a term in al elec tron acceptor for anaerobic respiration and is reduced to TMA (E aster et al. 1983) . TMAO respiration in anaerobic grow th is linked w ith an energy conservation m echanism (Ringo et al. 1984) . Enzymological d ata p re sented by Scott and Nealson (1994) indicates th a t S. putrefaciens uses th e Entner-D oudoroff pathw ay to produce pyruvate from glucose and en ter a course of anaerobic carbon assim ilation w ith m ethlytrophic grow th on form ate. Electrons tran sferred thro u g h the serine pathw ay find TMAO as th e final elec tron acceptor and th e liberated energy is used for the form ation of energy rich phosphates (Huss 1988) .
Shew anella putrefaciens, a p a rt from being the m ain spoilage m icro-organism in ice stored fish, is also responsible for th e spoil age of fish in modified atm osphere packaging (Shewan 1977 (Shewan , H uss 1988 (Shewan , S tam m en et al 1990 . In atm ospheres containing 50% and higher CO2 , S. putrefaciens has been reported to be p art of th e dom inant flora of cod and sole together "with Lactobacillus spp. (Lee 1981 (Lee , S tenstrom 1985 . In general, Gramnegative, psychrotrophic bacteria, including some common spoilage bacteria, are suscep tible to CO2 (Gili and T an 1980) . N everthe less, th ere is no complete grow th inhibition b u t a slower developm ent of th e spoilage bac te ria in gas packed fish th a n in ice stored fish. The grow th and activity of an im portant spoilage bacterium such as S. putrefaciens m erits fu rth e r investigation.
The aim of th is study was to exam ine in vitro the influence of modified atm osphere packaging on th e spoilage capacity of two Shew anella spp. stra in s th a t w ere isolated from fish packed in modified atm osphere and spoiled by TMA. The effect of modified atm os phere (CO2 , O2) on the grow th of th e two stra in s and on th e reduction of TMAO to TMA was studied using solid m edium from fish extract packed under variable m ixtures of CO2 , O2 and N 2. All the sam ples w ere incu bated a t 7°C. T he tem p eratu re selected is a conventional storage tem p eratu re for p re packed seafood in the retail m arket.
Materials and Methods

B acterial s tr a in s
Two b ac te rial stra in s w ere isolated from cod fillets p acked in modified atm osphere (60% CO2 , 30% 0 2, 10% N2) after 4 days of storage a t 7°C, w h e n the levels of TMA w ere already high. The isolated stra in s were some of the brownish colonies developing on stre a k plates of M arine A gar (M arine Broth, Difco and L6% A gar No. 1, Oxoid U nipath Ltd., H am pshire, England) afte r 3 days incubation a t 20°C. T h e above m entioned brownish colonies accounted for c. 60% of th e total num ber of colonies counted on each plate. The colonies were picked off and enriched for 48 h in M arin e B roth (Difco Laboratories, Detroit, MI, USA) a t 20°C before streak in g on plates of M arine Agar. The stra in s were tested for G ram colour, morphology, oxidase activity (Dryslide™, Difco), catalase activity (with 3% H 20 2), TMAO reduction (Debevere and Voets 1974) and TMAO reduction w ith H 2S production (Gram et al. 1987) . One of the isolates could be well identified w ith trip li cate A P I-20N E tests (bioMerieux s.a., Marcyl'Etoile, France) as Shew anella putrefaciens.
The second isolate could not be identified w ith m ultiple A PI-20N E tests so w as fu rth er identified by th e Identification Service of the LMG C u ltu re Collection (Laboratory of Microbiology, U niversity of Ghent). LMG Identification Service carried out: (a) fatty acid analysis using th e commercial MIDI System (Microbial Identification System, Inc., D elaw are, USA); (b) determ ination of the gel-electrophoretic protein p a tte rn (Pot et al. 1994a, b) ; and (c) cluster analysis of the p attern w ith m icro-organism s from the LMG reference database. From here on th is strain will be referred in the tex t as 'Shewanellalike stra in '.
A sum m ary of the tests perform ed is given in Table 1 .
Stock cultures w ere prepared on slan ts of M arine Agar and kept a t 6°C.
P rep a ra tio n o f th e fish e x tra ct
Cod fillets (Gadus morhua) were divided into portions of 200 g. Each portion w as blended for 1 m in w ith 400 ml deionized w ater in a W aring Com m ercial Blender. The blended m ixture w as placed in a w ater b ath a t 80°C for 1 h, to p recipitate th e m ajor stru ctu ra l proteins. After cooling down, the m ixture was squeezed th ro u g h a bag of cheesecloth to remove th e precipitate. The filtrate was cen trifuged for 10 m in a t 16 OOOx^ (4°C) w ith a Sorval RC-5B R efrigerated Superspeed Cen trifuge (Du P o nt Instrum ents). The su p er n a ta n t w as filtered through S&S 597¿ filter paper. The overall yield was 2 1 of fish extract startin g w ith 1 kg of cod and 2 1 deionized w ater. After th e determ ination of TMAO, the ex tract w as supplem ented w ith TMAO • 2H20 (Sigma) to obtain a final concentration of ±70 mg N/100 g. The pH of th e extract w as 6 -6 .
P rep a ra tio n o f th e s o lid m e d iu m
Several litres of fish extract w ere produced and distributed in bottles of 500 ml. In each bottle 200 ml of th e fish e x tra ct and 3 g Tech nical Agar (Agar No. 3, Oxoid) was added. The bottles w ere heated carefully on a hot plate w ith a m agnetic stirre r to m elt and dis solve th e agar. S terilization w as applied on th is m edium by autoclaving a t 121°C for 15 min. A fter sterilization th e m edium w as left to cool u ntil 45°C before it w as poured into p etri plates of 14 cm diam eter an d 2 cm depth. W hile pouring the m edium th e plates w ere stan d in g on a balance to m ake su re th a t C.50 g w as added. A fter th e solidification of th e m edium , th e plates were stored a t 3°C.
In ocu lation o f th e fish e x tra c t T hree tubes containing M arine B roth (10 m l/tube) were inoculated w ith S. putrefac iens an d th e Shew anella-like stra in from the slan t cultures w ith an inoculation loop. After 48 h incubation th e content of th e tubes was poured into bottles w ith 300 ml sterile M ar ine B roth. Before pouring, th e culture was tested for p urity by G ram staining, m or phology, oxidase and catalase test, T he inocu lated M arine B roth w as incubated for 72 h at 20°C. T hen each plate of solid fish extract w as inoculated w ith 2 ml of the M arine B roth culture th a t w as spread all over the surface w ith a drigalski spatula. The plates w ere left for 10 m in in th e lam inar flow to dry and th en w ere packed in modified atm osphere.
All th e p lates w ere incubated a t 7°C and 95% RH for 7 days. Microbiological and chemical analysis w ere carried out on th e day of inocu lation (day 0) as well as after 3, 4, 5, 6 and 7 days incubation.
M o d ifie d a tm o s p h e r e p a c k a g in g
T he inoculated plates were introduced in 25x 35 cm high oxygen b arrier plastic bags (Sidam il, UCB T ranspac, Belgium). One plate w as introduced in each bag. The plastic bags w ere m ade of PVdC, lam inated w ith polyester, and its gas-perm eability was: 6 cc/mz/24 h for 0 2, 2 cc/m2/24 h for N 2 and 15 cc/m2/24 h for C 0 2 a t 25°C and 100% RH. The bags w ere filled w ith th e appropriate gas m ixture and sealed in a MULTIVAÇ A300/42 packaging set (Sepp. H aggenm uller KG, G erm any). F our volumes of gas m ixture were introduced into each bag (200 cc gas/50 g fish extract). D uplicate bags were filled w ith the gas m ixtures for each day of th e charted sam pling. T he composition of th e gas m ixtures is show n in Table 2 . For th e Shew anella-like stra in a more extended variety of gas m ix tu re s w as used.
M ic ro b io lo g ic a l a n a ly sis
From a p late w ith solid fish extract 10 g was aseptically collected and diluted 10 tim es w ith physiological saline-peptone solution (PPS, 0-85% NaCl, 0-1% peptone, pH 7) in a S tom acher bag. The m ixture w as hom ogen ized w ith a Colw orth Stom acher 400 (Seward Laboratory, London, UK). Tenfold dilution series were m ade in PPS for plating. The viable count of Shew anella spp. was d eter m ined as s tre a k plate counts on M arine Agar (M arine B roth, Difco w ith 1-6% Agar No. 1, Oxoid). The p lates were incubated for 3 days a t room tem p eratu re (20°C).
C h e m ic a l a n a ly s is
T he com position of the gas m ixtures used for modified atm osphere packaging was m oni tored w ith a Servomex gas analyser (Food Package Analyser, Series 1400). The initial content of the fish extract in tr i m ethylam ine oxide was determ ined as described by W ekell and B arn e tt (1991).
T rim ethylam ine w as determ ined as fol lows:
Reagents: (i) A 2% picric acid stock solution in toluene was prepared, which w as filtered thro u g h W hatm an No. 1 paper and dried w ith N a2S 0 4. From this stock a 0-2% work solution in toluene was prepared daily, (ii) A sta n d a rd solution w as prepared by diluting TMA • HC1 (Fluka, purum ) in 6% trichlo roacetic acid (UCB).
Procedure: T en gram s of solid fish extract w as diluted 10 tim es w ith 6% TCA (trichloroacetic acid) in a Stom acher bag and blended for 1 m in w ith a Colworth Stom acher 400 (Seward Laboratory). One m illilitre of th e above suspension was placed in tubes w ith alum inium screw caps containing 3 ml toluene (UCB, p.a.). In every tube 200 pi of 40% formol an d 500 pi of 90% KOH was added. The tubes were twice m ildly vortexed (to avoid form ation of foam) and left to stan d for 15 m in. Aliquots of 1 ml from th e toluene layer were tran sferred in dry tubes w ith 80-100 mg anhydrous N a2S 0 4. In each tube, 3 ml of th e picric acid work solution was added. The tubes were vortexed and left to sta n d for 5 min. The absorbance of th e pic ra te s a lt a t 410 nm was m easured w ith a dou ble beam DMS-300, UV-Vis., V arian Spectro photom eter. Sample, stan d ard an d blank were ru n in duplicate.
W hen th e absorbance of the picrate salt w as h ig h er th a n 1 a 30:1 dilution, instead of 10:1, w as used.
T he pH was m easured w ith an Ingold sh arp point electrode connected to a Knick pH -m eter.
Results E x am ination of th e Shew anella-like stra in by fa tty acid analysis identified the m icro-organ ism as S. putrefaciens but cluster analysis of th e gel-electrophoretic p a tte rn gave less th a n 50% homology w ith Shew anella putrefaciens.
To resum e, th e second isolated stra in was considered to be a m em ber of th e Shew anella spp. b u t not identical to S. putrefaciens.
W hen subjected to a m odified atm osphere of 30% CO2 and 70% 0 2, in h ib itio n on th e grow th of S. putrefaciens for th e first 5 days of incubation could be noticed, b u t afterw ards outgrow th could no longer b e delayed (Fig.  la) . O ther gas m ixtures, including 30% C 0 2 and a lower concentration of oxygen, did not prevent the grow th of th e spoilage bacterium . C arbon dioxide seem s to be com pletely inhibi tory a t concentration 50% or higher, while in an atm osphere of >96% N2 a n outgrow th of 5. putrefaciens appears after 3 d ay s incubation (Fig. lb) .
Production of TMA is inhibited by the presence of 0 2 in th e packaging atm osphere (Fig. 2) . C oncentration of 0 2 a s low as 10% is sufficient to inhibit the reduction of TMAO by S. putrefaciens. In modified atm ospheres w ith more th a n 10% 0 2 no production of TMA w as observed (results not illu stra te d in Fig.  2) . In an atm osphere of >96% N 2, w here th ere is absence of either oxygen or carbon dioxide, th e production of TMA is enhanced, while it was retarded when 30% C 0 2 w as included. G802b  80  0  20  G703b  70  0  30  G604b  60  0  40  G505"  50  0  50  G406b  40  0  60  G307a,b  30  0  70  G316a  30  10  60  G334a  30  30  40  G352a  30  50  20  G028b  0  20  80  G037b  0  30  70  G046b  0  40  60  G055b  0  50  50  G064b  0  60  40  G073b  0  70  30  G820b  80  20  0  G730ab  70  30  0  G640b  60  40  0  G550ab  50  50  0  G4601 '  40  60  0  G370ab  30  70  0 aG as m ixtures used for modified atm osphere packaging of fish ex tract inoculated w ith Shew anella putrefaciens. ''G as m ix tu res used for modified atm osphere packaging of fish extract inoculated w ith th e Shewanellalike strain . No production of TMA w as observed in an atm osphere w ith >96% C 0 2 (results not illus tra te d in Fig. 2) .
The pH of th e plates w ith solid fish extract in modified atm osphere packaging did not notably change throughout th e storage period except for the cases w here an atm osphere of >96% N 2 and >96% C 0 2 was applied. In the form er th e pH increased from 6-6 to 7-0, due to th e production of TMA, and in th e latte r th e pH decreased to 6-2, due to th e diffusion of C 0 2 in the media. Figure 3a shows th e grow th of the Shew anella-like stra in in an oxygen free atm osphere w ith increasing concentration of CO2 . The figure shows th a t th e developm ent of th e s tra in was slowed down as the concen tra tio n of CO2 in the atm osphere increased. N evertheless, th e re w as outgrow th (3-5 log units) of th e Shew anella-like stra in even at high C 0 2 concentrations (i.e. 80% C 0 2 and >96% C 0 2). T h e production of TMA w as not inhibited a t C 0 2 concentrations less th a n 50% (Fig. 4a) . At C 0 2 concentrations of 50% or more, inhibition of TMA production was noticed. However, after 4 days of incubation, an increase in TMA production was observed, which finally crossed th e threshold of 3 5 m g N /1 0 0 g a t th e end of 7 days storage. Only for an atm osphere of >96% C 0 2 was th ere a m inim al production of TMA, rem ain ing beneath lOmgN/lOOg for th e whole period of storage (Fig. 4a) .
T here was no effect of 0 2 concentration on th e grow th of th e Shew anella-like stra in (Fig.  3b) . The production rate of TMA decreased as th e O2 concentration in th e packaging atm os phere increased (Fig. 4b) . At concentrations of 40 and 50% 0 2l TMA reached the unaccept able level of 35 mg N/100 g afte r 3 days, and, after 4 days of storage, TMA production rose to 60-70 mg N/100 g. At concentrations of 60 and 70% 0 2 th e TMA production was inhibited for 4 days, although this was only a delay, and afte r 4 days, TMA was detected at relatively high levels. B est re su lts for the inhibition of TMA production w ere obtained w ith a 70% O2 concentration (Fig. 4b) . W hen both C 0 2 and 0 2 w ere used in the modified atm osphere th e re was a combined effect on th e grow th and TMAO reducing activity of th e Shew anella-like strain . Figure  3c shows in general lower outgrowth (1-5-2-5 log cfu/g) of th e stra in if compared to the re su lts show n in Figs 3a and 3b (3-5 log cfu/g), w here only one of th e two gases was applied. N evertheless, th e effect of C 0 2 on th e grow th ra te prevails over the effect of 0 2 (Fig. 3c) . T he combined effect of the two gases is b e tte r seen in Fig. 4c . No dif ferences are observed betw een the efficacy of th e different gas m ixtures for th e reduction of TMAO to TMA. The in itia l pH of th e plates w ith solid fish extract w as 6'6. This value increased up to betw een 6-8 and 7-0 w hen th ere w as pro duction of TMA. Only in th e cases w here 90% or >96% C 0 2 was inserted, did th e pH decrease to c. 6-1 during th e first 3 days of incubation an d increased later on due to TMA production.
The in itia l headspace concentration of C 0 2 in th e m odified atm ospheres using high C 0 2 levels decreased up to 50% during th e first 3 days of incubation due to diffusion in the media. On th e contrary, for these atm os pheres, th e concentrations of N 2 or 0 2 increased tak in g over th e space becoming available because of C 0 2 diffusion. The increase in N 2 concentration in these cases was higher since it is less soluble th a n 0 2. At th e onset of bacterial growth, C 0 2 concen tra tio n increased and 0 2 concentration decreased due to m etabolic activity. If no N2 was included in th e modified atm osphere, C 0 2 diffusion in th e sam ple caused collapsing of th e package, resulting to an outlook of the gas-packed sam ple being sim ilar to vacuumpackaging.
Discussion
S tenstrom and Molin (1990) studied several stra in s of S. putrefaciens isolated from fish products and found heterogeneous pheno types am ong them . G ram and H uss (1996) suggest th a t th ere can be clonal selection of S. putrefaciens stra in s during a storage trial. However, th ere is distinct difference between th e phenotypes and genotypes of Shewanella spp. (Jensen et al. 1980, van Landschoot and De Ley 1983) . The reduction of TMAO and production of H 2S by S. putrefaciens in the fish m uscle has been extensively studied by several researchers b u t th ere is lim ited d ata for o th er Shew anella spp. (e.g. S. alga, S. benthica, S. colwelliana, S. hanedai) . An extensive bacteriological analysis is neces sary to determ ine th e homology of the Shew anella-like stra in w ith all th e mem bers of Shew anella spp.
Shew anella putrefaciens w as unable to develop if high concentrations of C 0 2 were applied (>50%, Fig. lb) . On th e contrary, the
